1. Background
=============

Acute pain control after surgery is one of the basic medical issues and challenges ([@A83975REF1]). Routinely the opioids are used for pain control after surgery; however, the widespread use of opioids has numerous side effects and delay postoperative recovery ([@A83975REF2], [@A83975REF3]). According to the World Health Organization guidelines, the excessive use of opioids decreases the patients\' satisfaction ([@A83975REF4], [@A83975REF5]). Appendectomy is one of the most common surgeries among adults as well as children with the risk of 8% during the whole life. The use of opioids for pain control in children is limited due to their side effects ([@A83975REF6]-[@A83975REF8]). More recent studies have shown that Tap block reduces postoperative pain, as well as analgesic drug usage ([@A83975REF9], [@A83975REF10]). The duration of the block is variable and effective analgesia have been reported up to 36 hours after a single injection ([@A83975REF11]). The monitoring of the patient during procedures includes the monitoring of blood pressure, ECG and pulse oximetry ([@A83975REF12]). Seyedhejazi et al. showed that caudal block by bupivacaine and adrenaline in preterm infants is more effective and safe than spinal anesthesia and reduced the need for analgesics after surgery ([@A83975REF13]). In a study by Carney et al. in 2010 in children with the appendectomy, infiltration of local anesthesia by TAP block up to 48 hours after was effective in comparison to the placebo for pain control surgery ([@A83975REF14]).

2. Objectives
=============

Considering the importance of postoperative analgesia, few studies on the use of bupivacaine for pain control after appendectomy in children and controversy in this context, we designed this study; thus the aim of this study was to investigate the effect of TAP block on the intensity and frequency of pain after appendectomy in children.

3. Methods
==========

After obtaining approval from the Ethics Committee of Tabriz University of Medical Sciences, this single-blind randomized clinical trial study registered on clinical trials Iranians, IRCT code: IRCT201503024041N11. Inclusion criteria were children with ASA (American Society of Anesthesiologists) class 1 or 2, aged 4 to 16 years, who were candidates for an appendectomy.

Exclusion criteria also included obese children (BMI \> 95th for age & sex), perforated appendices, other surgeries along with appendectomy, allergy to local anesthetic drugs, chronic use of analgesic drugs, and organic and psychological dysfunction. Based on a previously published paper ([@A83975REF15]), the sample size was estimated at 40 patients (20 in each group), with regard to the power of 80% and 5% error. After obtaining written informed parental consent and approval from the local Ethics Committee, 40 children aged from 4 to 16 years that were candidates for appendectomy were divided randomly into two groups by permuted blocks and using software available on Online URL: HTTP: //www.stat.ubc.ca/Nrolin/statssize/bz.htmf. Both groups underwent general anesthesia for appendectomy with midazolam 0.03 mg/kg, fentanyl 2 μg/kg, propofol 3 - 4 mg/kg, lidocaine 1-2 mg/kg, atracurium 0.5 mg/kg. All patients were intubated with age-appropriate size of an endotracheal tube according to the formula of (age /4+ 4). In the intervention group after general anesthesia, in the supine position the padding was placed below the waist, and ultrasonography (USG, sonosite M-turbo) probe (Hockey stick, 6 - 13 MHZ) was placed in the abdominal wall on the mid-axillary line between the lower ribs and the iliac crest, needle along the probe after the detection of external oblique muscle and internal oblique and transverse abdominal muscle entered to the skin. Bupivacaine 0.25% with adrenaline 1/200000, 0.25 mL/kg (maximum 20 mL) was injected in Petit triangle between the internal oblique and transverse abdominus muscles. After appendectomy by the McBurney method, the pain score based on Wong-Baker FACES Pain Rating Scale (WBFP) ([@A83975REF16]) were recorded in the recovery and during the first 24 hours after surgery, including first every 2 hours up to 8 hours and then every 4 hours for the next 16 hours. If the pain score was equal or greater than 4, intravenous acetaminophen 10 mg/kg was used and for pain scores less than 4, oral acetaminophen was prescribed. Also, in case of the first time for medication use, the total dose of analgesic after surgery, as well as the severity and incidence of postoperative complications, were recorded in both groups. A P value \< 0.05 was considered statistically significant.

4. Results
==========

The mean age of the patients in the intervention and control groups were respectively 9.90 ± 2.1 and 10.10 ± 2.31 years. The duration of general anesthesia was 69.00 ± 18.75 minutes for intervention groups and 76.00 ± 17.51 minutes in the control group (P = 0.230). The mean systolic and diastolic blood pressure at different times before and after surgery in the two groups showed no statistical difference (P \> 0.05). The mean heart rate of the patients showed no statistically significant difference (P \> 0.05) in the two groups before and 24 hours after surgery in different hours (every 4 hours). Pain intensity was equal in all patients of the two groups after surgery and in recovery, based on the WBFP score ([Table 1](#A83975TBL1){ref-type="table"}). The mean time of the need for the first analgesic after surgery in the intervention and control groups was 9.81 ± 8.89 and 8.81 ± 6.75 hours, respectively (P = 0.460). The mean frequency of analgesic consumption during the 24 hours after surgery in the intervention and control groups was 1.15 ± 0.75 and 1.30 ± 0.92 times, respectively (P = 0.575).

###### Pain Intensity Based on VAS Scores During the 24 Hours After Surgery

  Time of Check                All Patients   Control Group   Intervention Group   P Value
  ---------------------------- -------------- --------------- -------------------- ---------
  **2 hours after surgery**    5.68 ± 2.58    6.30 ± 2.20     5.05 ± 2.83          0.128
  **4 hours after surgery**    5.48 ± 1.76    6.0 ± 1.80      4.95 ± 1.60          0.059
  **6 hours after surgery**    5.15 ± 1.87    5.55 ± 1.84     4.75 ± 1.86          0.181
  **8 hours after surgery**    4.55 ± 2.03    4.75 ± 2.12     4.35 ± 1.98          0.542
  **12 hours after surgery**   4.35 ± 1.84    4.45 ± 1.84     4.25 ± 1.88          0.737
  **16 hours after surgery**   3.95 ± 1.58    4.25 ± 1.71     3.65 ± 1.42          0.236
  **20 hours after surgery**   3.75 ± 1.56    4.05 ± 1.83     3.45 ± 1.23          0.230
  **24 hours after surgery**   3.35 ± 1.49    3.60 ± 1.63     3.10 ± 1.33          0.296

The average dose of acetaminophen in the intervention and control groups was 137.50 ± 98.50 mg and 191.25 ± 107.07 mg, respectively (P = 0.107). Although the mean dose of acetaminophen in the intervention group was less than the control group, this difference was not statistically significant (P = 0.107). In none of the two groups, postoperative complications were seen and the duration of hospital stay 24 hours after appendectomy was not significantly different in both groups (P = 1.00).

5. Discussion
=============

The use of multi-modal analgesia, effectively reduce pain after surgery and improve the outcome of the patient. The use of opioids because of undesirable side effects is limited in pediatric age group. The use of anesthesia around the spinal cord can cause restriction of movement and cardiovascular and gastrointestinal complications. Thus in order to improve the quality of recovery time and reduce the consumption of opioids, the use of local minimally invasive analgesic techniques is necessary, particularly in abdominal surgery ([@A83975REF15]). According to the result of this study, pain intensities were low after surgery and during recovery, based on the WBFP score in the two groups. The difference in the mean pain scores was not statistically significant (P \> 0.05) in both groups in the interval of 24 hours after recovery. Seyedhejazi et al. in 2014, compared caudal block with the block of an ilioinguinal iliohypogastric nerve by bupivacaine and clonidine and showed that both methods are nearly identical and there is no statistical difference between the two methods in decreasing pain intensity and opioids usage. This study reported that peripheral nerve blocks were a useful method and comparable to caudal anesthesia in pain relief ([@A83975REF16]). The result of our study revealed that the first time request for the postoperative analgesics in the control group was earlier than the intervention group; however, this difference was not statistically significant (P = 0.460). The frequency of the use of analgesics in the first 24 hours after surgery in the control group was slightly more than the intervention group, though this difference was not significant (P = 0.575). Furthermore, the total dose of analgesics consumption in the intervention group was lower than the control group, however, this difference was not also statistically significant (P = 0.107). Sandeman et al. reported that the performance of TAP block in laparoscopic appendectomy is not clinically premier in children in comparison with local infiltration methods; however, the pain was significantly decreased during the recovery in children (P = 0.03) ([@A83975REF17]). In our study, all patients in both groups were pain-free during the recovery, based on the WBFP score.

Wu et al. compared the TAP block with intravenous administration of an opioid analgesic and thoracic epidural (with continuous infusion of Ropivacaine 0.375%) in radical gastrectomy. Consequently, TAP block was more effective than intravenous opioid for pain control; additionally, the continuous infusion of epidural ropivacaine between T8 and T9 vertebrae was much more effective than the single TAP block ([@A83975REF18]).

Carney et al. reported that TAP block is effective in pain control after hysterectomy ([@A83975REF19]). Also, in the study of Ra et al. in 2010, TAP block with levobupivacaine solution and ultrasound-guided in Laparoscopic Cholecystectomy in patients aged from 20 to 65 years, significantly reduced postoperative pain ([@A83975REF20]). This study, unlike the present study, was performed on adult patients; therefore, the difference in age could be a factor in the response of the patients to TAP block.

In the present study, none of the two groups had postoperative complications and the duration of hospitalization in the two groups was similar. Also, complications of TAP block was not seen in the intervention group. The side effects reported about the TAP block in the studies mostly are related to the skill of the person and it seems that if the operator has the skill and experience to do it, it is almost safe and without risk. However, common side effects of TAP block reported in the studies are nervous ischemia, intravascular injection, paralysis of the femoral nerve, infection and damage to adjacent, perforation of the peritoneum, and also liver damage after TAP block ([@A83975REF21], [@A83975REF22]). Johns et al. reported that 2 TAP blocks reduced the need for analgesics after surgery. Moreover, in this review, which included nine studies, no side effects have been reported after TAP block ([@A83975REF23]).

One review study by Charlton et al. in 2010, showed that TAP block reduced the need for analgesics after surgery. This study also revealed that there were few studies about the use of TAP block for pain relief after surgery ([@A83975REF24]). Several new studies have reported that TAP block is a safe and effective method for anesthesia in various surgeries such as cholecystectomy, laparoscopic inguinal surgery, and cesarean section; however, in order to obtain more definitive results, further investigation is needed in this area of research ([@A83975REF11], [@A83975REF25]). Finally, there is controversy in this field because of the complexity of the relationship between pain and analgesia induced by the TAP block. The difference in the sample size, parameters defined, the difference in age, and type of surgery in these studies could explain these conflicting results.

TAP block is an effective method for pain relief after surgery and in reducing the use of narcotic analgesics, which can reduce the length of hospital stay, nosocomial infection, and health care costs ([@A83975REF26], [@A83975REF27]).

The present study shows that the TAP block reduces the intensity and frequency of post appendectomy pain in children; however, there was no statistically significant difference between the two groups. The first time to request pain medication in the control group was earlier than the intervention group; however, this difference was not also statistically significant.

The total dose of analgesics consumption in the control group was lower than the intervention group24 hours after surgery, however, this difference was not also statistically significant.

Limitation of this study is the small sample size.
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